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Introduction

At the beginning of the xxist century, most of the industrialized economies
face an unprecedented double challenge: the rapid deterioration of the environment which calls for immediate and important environmental policies
at a large scale, and a continuous ageing of the population which has major
macro-economic implications in terms of saving, retirement, ... (see Bloom
et al., 2003, for example)
The purpose of this paper is to merge demographics and environmental
economics to examine how the current demographic changes (the decline of
the birth rate and the mortality rate) affect the amplitude of the macroeconomic impact of environmental policy.
To investigate this point, we use a Yaari (1965)-Blanchard (1985)-Buiter
(1988)-Weil (1989) overlapping generations model in which we introduce environmental concerns. We also integrate life-cycle properties by adding ageearning profiles to capture the effect of the population age-structure on the
per capita labor supply highlighted by Bloom et al. (2002), Bloom et al.
(2004), Bloom et al. (2003) and Sevilla (2007) as a major component of the
impact of demographics on the economy.1
To the best of my knowledge, only a few articles deal with the question of ageing and the environment in a macro-economic perspective.2 They
mainly rely on the John and Pecchenino (1994) and John et al. (1995)’s twoperiod overlapping generations model where the environment is bequeathed
to future generations and consumption (or output) is the source of pollution
flow. Ono (2005) adds uncertain lifetime to this framework and studies how
political decision-making on the environmental tax and the environmental
quality are modified by ageing, assuming greater longevity and a lower rate
of population growth as two alternative sources of ageing. He demonstrates
1

The argument relies on the concept of “demographic dividend”: an individual contributes to the economy (in terms of productivity, etc) in different ways, depending on
whether he/she is young, adult or old. Consequently, when the birth rate rises, the number of young people increases and their contribution to the economy becomes positive when
they become adult. On the contrary, when the mortality rate declines, the elderly are more
numerous and the dependent population increases. Sevilla (2007), on cross-country macro
data from developing countries for the period 1970 to 2000, find an empirical evidence
of the “demographic dividend”: entry of the baby boom cohort into the adult stage is
correlated with higher labor productivity, even after controlling for capital accumulation
and past productivity.
2
On the contrary, there are numerous theoretical and empirical works examining the
impact of ageing on consumption and energy demand. For a recent contribution, see
Fougère et al. (2007) and references herein for example.
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that the environmental tax is not affected and that environmental quality
is never improved by greater longevity whereas a lower rate of population
growth has a negative effect on the tax and has a positive effect on the environmental quality. In a similar framework, Ono and Maeda (2001) assume
that population ageing modifies the decisions on environmental preservation
(the willingness to preserve the environment increases if people die later)
and increases the detrimental effect produced by an individual’s consumption. They also assume that the per capita environmental quality enters the
utility function rather than aggregate environmental quality and they find
that ageing harms the environment if the relative risk aversion of agents is
greater than one. Ono and Maeda (2002) use a framework similar to John
and Pecchenino (1994) with a look at unintended bequests and the annuity
market. On the one hand ageing leads to a decrease in the unintended bequests that reduces the young agent’s wealth. This implies a negative income
effect on investment in capital and the environment. On the other hand, ageing leads to more investment in capital and in the environment due to longer
life expectancy. The authors demonstrate that perfect annuity eliminates the
negative income effect of aging through unintentional bequests and therefore
ageing is positive for the environment. Conversely, under imperfect annuity
there are two competing effects of ageing, and greater longevity leads to either higher or lower levels of capital and environmental quality. Finally, the
authors demonstrate that a higher annuitisation rate leads to lower levels of
capital and environmental quality.
The present article contrasts with the aforementioned works insofar as
no assumption is made about the link between ageing and the environment.
Furthermore, ageing and its impact on demand, both for goods and for energy
is not considered. Finally, only the effects of the demography on the macroeconomic outcome of the environmental policy are examined.
Our contribution is twofold. First, conversely to previous works (see
Heijdra and Ligthart, 2000, 2006, for references about models with finiteand infinite-lived households), we demonstrate that a decrease in the birth
rate may lower the steady-state per capita stock of physical capital even if
the aggregate labor supply is exogenous. The reason is that per capita labor
supply increases with the birth rate when age-earning profiles are taken into
account. It may limit or offset the negative impact of the birth rate on the
per worker stock of physical capital leading to a global effect in per capita
terms which is positive with respect to the birth rate.
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Second, we demonstrate that the ageing of population modifies the macroeconomic impact of the environmental policy according to the cause of the
ageing (a decrease in the birth rate, a drop in the mortality rate or a demographic shock lowering both the birth rate and the mortality rate that keeps
constant the population growth rate) and the life-cycle earnings assumption.
Thus, with decreasing age-earning profiles, a lower rate of birth alone or a
demographic shock with constant population growth reduces the detrimental
impact of the environmental policy on the steady-state per capita stock of
physical capital for low (and realistic) values of the birth rate, while a decrease in the mortality rate (a rise of life expectancy) reinforces the negative
outcome of the environmental policy. When earning profiles are independent of age, both a reduction of the birth rate and a rise of life expectancy
strengthens the negative impact of the environmental policy.
This article is built as follows. Section 2 exposes the model. Section 3
investigates the steady-state equilibrium. Section 4 examines the impact of
demography on the macro-economic equilibrium and on the environmental
policy. Section 5 concludes.

2

A life-cycle model of overlapping
generations

We use the Yaari (1965)-Blanchard (1985) model of overlapping generations
in which we introduce environmental concerns, demographic change and lifecycle through age-earning profiles. Time is continuous. Each individual
born at time s faces a constant probability of death per unit of time p ≥ 0.
Consequently his life expectancy is 1/p. When p increases, the life span
decreases. In the economy, there are insurance companies and there is no
bequest motive.
2.1

Demographics and life-cycle dimension

We introduce demographic change following Buiter (1988). We distinguish
between the (exogenous) probability of death p ≥ 0 and the (exogenous)
birth rate b ≥ 0. The growth rate of the population, gN , is the difference
between the birth rate and the growth rate:
gN ≡
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with N(t) the size of the population at time t. Solving this equation subject
to the initial condition N(0) = 1, we obtain N(t) = egN t = e(b−p)t . The size
of a newborn generation is proportional to the current population N(s, s) =
bN(s) = e(b−p)s where N(s, s) is the size at time s of a cohort born at s.
Because the death rate is constant and cohorts are assumed to be large, the
size of each existing generation falls exponentially and its size at time t is:
N(s, t) = e−p(t−s) N(s, s) = bebs−pt ,

t≥s

We introduce a life-cycle dimension in this model by assuming that productivity (and earning) is age-specific, in the same vein as Blanchard (1985).
Nevertheless, following Faruqee (2002), we consider that the individual effective (exogenous) labor supply (measured in efficiency units) varies across
agents with respect to their age, such that:3
h(s, t) = φe−ψ(t−s) ,

ψ ≥ 0, φ > 0

(1)

for an agent born at s ≤ t. Parameter ψ captures the age-specific productivity.
If we assume that each agent supplies an exogenous unit of labor, h(s, t)
also measures the individual effective (exogenous) labor supply (measured in
efficiency units). In this case, the aggregate supply of labor (expressed in
efficient units) is
Z t
L(t) =
h(s, t)bebs−pt ds = LN(t)
−∞

where

φb
>0
b+ψ
represents the (exogenous) per capita labor supply, and
φψ
∂L
=
>0
∂b
(b + ψ)2
L≡

(2)

When a decreasing age-earning profile is assumed (ψ > 0), an increase in
fertility raises the per capita labor supply. This demographic impact on the
exogenous per capita labor supply introduces an age-structure effect which
may have major economic implications as reported by Bloom et al. (2002);
Sevilla (2007). Note that for ψ = 0, productivity and earnings are independent of age, and in such a case, the exogenous per capita labor supply is
independent of demography (see Figure 1).
⋆ Insert Figure # 1 ⋆
3

In his paper, Faruqee (2002) does not study all the implications of this modelling on
the aggregate supply of labor and does not deal with environmental concerns.

http://services.bepress.com/feem/paper265

4

Pautrel: Macroeconomic Implications of Demography for the Environment
X. Pautrel – Demography and the environment: A life-cycle perspective

2.2

6

Individual and aggregate household behaviours

The expected utility function of an agent born at s ≤ t is:
Z ∞
[log c(s, t) − η log P(t)] e−(̺+p)(t−s) dt

(3)

s

where c(s, t) denotes consumption in period t of an agent born at time s,
̺ ≥ 0 is the rate of time preference and η measures the weight in utility
attached to the environment, that is environmental care.
Households face the following budget constraint:
ȧ(s, t) = [r(t) + p] a(s, t) + h(s, t)w(t) − c(s, t)

(4)

where ȧ(s, t) ≡ da(s, t)/dt, a(s, t) are real financial assets in period t and
w(t) represents the wage rate per effective unit of labor. The representative
agent chooses the time path for c(s, t) by maximizing (3) subject to (4) with
the transversality condition precluding private agent’s Ponzi games
lim a(s, v)e−

Rv
t

[r(µ)+p]dµ

v→∞

=0

It gives the intertemporal evolution of the individual consumption:
ċ(s, t)
= r(t) − ̺
c(s, t)
The amount of consumption at time t ≥ s of an agent born at s is:
c(s, t) = (̺ + p) [a(s, t) + ω(s, t)]
where ω(s, t) ≡

Z

(5)

∞

h(s, ν)w(ν)e−

Rν
t

([r(ζ)+p]dζ

dν being the expected present

t

value of lifetime earning.
Due to the simple demographic structure, all individual variables are
additive across individuals. Consequently, recalling that N(s, t) = bebs−pt ,
the aggregate consumption equals
Z t
C(t) =
c(s, t)bebs−pt ds = (̺ + p) [A(t) + Ω(t)]
(6)
−∞

where the aggregate human wealth Ω(t) is given by
Z t
Ω(t) ≡
ω(s, t)bebs−pt ds
−∞

and the aggregate financial wealth A(t) is defined by
Z t
A(t) =
a(s, t)bebs−pt ds
−∞
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Differentiating (6) with respect to time gives the intertemporal evolution
of the aggregate consumption:
Ċ(t) = [r(t) − ̺ + b − p + ψ] C(t) − (ψ + b)(̺ + p)A(t)

(7)

The parameter ψ affects aggregate consumption growth through two channels. First, when ψ > 0, the decreasing age profile encourages agents to save
more when young to compensate the decreasing shape of their earnings during lifetime. The aggregate consumption growth rises. Second, the elderly
have more human wealth than the younger population when they die and
consequently, the growth rate of the aggregate consumption is reduced.
2.3

Firms and pollution

The productive sector is competitive. Firms produce the aggregate final good
Y with the following technology:
Y (t) = K(t)α [A(t)L(t)]1−α ,

0 < α < 1, A(t) > 0

with K(t) being the aggregate stock of physical capital and A(t) is a technology index.
Following Hettich (1998), we assume that pollution flow increases with
the level of output and decreases with private abatement activities F (t) which
use units of output one for one:
γ

Y (t)
,
γ>0
(8)
P(t) =
F (t)
We assume that the government implements an environmental policy to
encourage firms to reduce their net flow of pollution. To do so, the government taxes the net flow of pollution by firms and transfers to them the
fruit of the taxes to fund their abatement activities. Consequently, firms under perfect competition pay a pollution tax on their net pollution P(t) and
they choose their abatement activities F (t) (whose cost equals F (t)) and the
amount of factors which maximize their profits π(t) = Y (t) − r(t)K(t) −
w(t)L(t) − ϑ(t)P(t) − F (t) + T p (t) where ϑ(t) is the pollution tax rate and
T p (t) denotes transfers from the public sector with T p (t) = ϑ(t)P(t).
The manufacturing firms, operating under perfect competition, pay each
production factor at its marginal productivity to maximize profit:


P(t)
r(t) = 1 − γϑ(t)
αK(t)α−1 [A(t)L(t)]1−α
Y (t)
http://services.bepress.com/feem/paper265
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P(t)
(1 − α)K(t)α A(t)1−α L(t)−α
w(t) = 1 − γϑ(t)
Y (t)


(9)

F (t) = ϑ(t)γP(t)


−γ/(1+γ)

ϑ(t)
. Because
Y (t)
in the long-run the net flow of pollution must be constant to have a constant
environmental quality, the environmental tax is assumed to evolve at the
same rate of growth as the output. Intuitively, ϑ(t) increases over time to
encourage firms to increase abatement activities to limit pollution which rises
with the output. Consequently, we define τ ≡ ϑ(t)/Y (t), the environmental
tax normalized by the output and we obtain:
From equations (8) and (9), we obtain P(t) = γ

P = χ(τ )−γ
F (t) = χ(τ )Y (t)
with χ(τ ) ≡ (γτ )1/(1+γ) . Because τ is fixed by the government and therefore
has no transitional dynamics, P is independent of time.4
The interest rate in the economy becomes:
r(t) = α (1 − χ(τ )) K(t)α−1 [A(t)L(t)]1−α
and the wage rate is
w(t) = (1 − α) (1 − χ(τ )) K(t)α A(t)1−α L(t)−α
2.4

Market equilibrium

Factor markets clear instantly and financial market equilibrium implies that
households’ claims of capital equal the physical capital stock (A(t) = K(t))
and the equilibrium on the goods market implies that:
Y (t) = C(t) + K̇(t) + F (t),
with F (t) = χ(τ )Y (t).
Therefore, using the previous sections, the behaviour of the economy may
be summarized by the two following differential equations:
K̇(t) = (1 − χ(τ )) K(t)α (A(t)L(t))1−α − C(t)

(10)

4

Here, we do not examine the impact of the environmental policy on the net flow of
pollution, but on the rest of the economy, consequently, it is not important that the net
flow of pollution depends on and instantly adjusts to the tax level.
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Ċ(t) = α (1 − χ(τ )) K(t)α−1 (A(t)L(t))1−α − ̺ + b − p + ψ C(t)

− (ψ + b)(̺ + p)K(t) (11)

with
L(t) =

φb
N(t)
b+ψ

(12)

and
(13)

Ṅ (t) = (b − p)N(t)

Equations (10) to (13) summarize the economy and enable us to solve the
model in the steady-state equilibrium.

3

The steady-state equilibrium

In this section, we characterize the steady-state equilibrium when A(t) remains constant all the time such that A(t) = A1/(1−α) . In such a case, all
variables grow at the exogenous growth rate of the population b − p.
Because of age-earning profiles, the labor force differs from the population.
To clarify the exposition we solve the steady-state equilibrium using per
worker values (denoted by a “ ˜ ”), recalling that the per capita value of
K(t)
X(t)
= Lx̃(t). We denote k̃(t) ≡
and
a variable X(t) is x(t) =
N(t)
L(t)
C(t)
, respectively the per worker stock of physical capital and the per
c̃(t) ≡
L(t)
worker aggregate consumption. The dynamical system becomes:
˙
k̃(t) = (1 − χ(τ )) Ak̃(t)α − c̃(t) − (b − p)k̃(t)
h
i
˙ = α (1 − χ(τ )) Ak̃(t)α−1 − ̺ + ψ c̃(t) − (̺ + p) (b + ψ) k̃(t)
c̃(t)

(14)
(15)

In the steady-state, k̃(t) and c̃(t) are constant, and such that:
c̃⋆ = A(1 − χ(τ ))k̃ ⋆α − (b − p)k̃ ⋆

˙ = 0 in the steady-state and the previous expression, k̃ ⋆ is defined
From c̃(t)
by:
h
ih
i
⋆α−1
⋆α−1
α (1 − χ(τ )) Ak̃
− ̺ + ψ A(1 − χ(τ ))k̃
− (b − p)
− (̺ + p)(ψ + b) = 0

The solution of this equation is the per worker stock of capital at the
steady-state:
1
−1
(16)
k̃ ⋆ = [2α(1 − χ(τ ))A] 1−α D 1−α
http://services.bepress.com/feem/paper265
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where
D ≡ −ψ + α(b − p) + ̺ +

p

(ψ − α(b − p) − ̺)2 + 4(ψ + p)α(b + ̺) > 0

depends on the demographic variables (b and p) and on the age-earning
profiles ψ.
Therefore, the steady-state equilibrium is unique. When we linearize the
system of the two differential equations (14) and (15), we obtain
" # 

α(1 − χ(τ ))Ak̃ ⋆α−1 − (b − p)
−1
k̃˙ =
−[α(1 − χ(τ ))Ak̃ ⋆α−1 − ̺ + ψ]c̃⋆ /k̃ ⋆ α(1 − χ(τ ))Ak̃ ⋆α−1 − ̺ + ψ
c̃˙


k̃ − k̃ ⋆
×
c̃ − c̃⋆
with c̃⋆ /k̃ ⋆ = (1 − χ(τ ))Ak̃ ⋆α−1 − (b − p). The determinant of the Jacobian
matrix is:


c̃⋆
⋆α−1
⋆α−1
<0
det = [α(1 − χ(τ ))Ak̃
− ̺ + ψ] α(1 − χ(τ ))Ak̃
− (b − p) −
k̃ ⋆
because α < 1. There exists one forward-looking variable (c̃) and a predetermined variable (k̃), consequently the system is saddle-path stable.
To further investigate the impact of demographics on the economy, we
use numerical simulations.5 We first calibrate the model using data from
the United States at the beginning of the XXI century. Thus, because lifeexpectancy at birth is around 77 years with a rate of population growth equal
to 1%, we fix the probability of death p to 1/77 = 0.013 and the birth rate
b equals to 0.01 + 0.013 = 0.023. The parameter ψ is fixed to 0.05 and φ
to 1 in order to obtain an individual effective labor supply close to 0 at 80
years old. The other parameters are set to replicate the 2005 US per capita
GDP around 45,700US$. The benchmark value of parameters is reported in
Table 1. The steady-state values of per capita and per worker variables are
reported in Table 2.
A
α
γ
τ
̺
p
b
ψ
3.54 0.3 0.3 0.02 0.05 0.013 0.023 0.05

φ
1

Table 1: Benchmark value of parameters
5

In this version of the paper, we restrict our attention to the steady-state equilibrium
and we do not deal with the effects of demographic changes on the transitional dynamics
towards this steady-state.
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k̃ ⋆
c̃⋆
ỹ ⋆
k⋆
c⋆
y⋆
110.419 13.131 14.518 34.790 4.137 4.574
Table 2: Steady-state per worker and per capita values

4

Demograhics and the impact of the
environmental policy

Here, we are interested in per capita variables k(t) ≡ K(t)/N(t) and c(t) ≡
C(t)/N(t). Because all steady-state variables may be expressed in terms of
per worker physical capital stock and because the per capita stock of physical
capital is just the per worker capital stock multiplied by the per capita supply
of labor, we can use the implicit expression of k̃ ⋆ found in the previous section
(equation 16) to study the comparative statics.
The influence of the environmental policy on the per worker capital stock
is thus given by (from equation 16):6
k̃τ⋆ =

−χτ (τ )
k̃ ⋆ < 0
(1 − α)(1 − χ(τ ))

As expected the environmental policy has a negative effect on the economy because it reduces the amount of resources for investment. Furthermore,
the higher the per worker capital stock (k̃ ⋆ ), the higher the part of physical
capital in production (α), the more detrimental the environmental policy.
An increase in the environmental tax τ also reduces the per capita stock
of physical capital:
kτ⋆ = Lk̃τ⋆ =

−χτ (τ )
k⋆ < 0
(1 − α)(1 − χ(τ ))

and therefore the output per capita in the steady-state y ⋆ = Ak ⋆α . Finally,
the influence of τ on the per capita consumption at the steady-state is given
by:
−χτ (τ )
c⋆ < 0
c⋆τ =
(1 − α)(1 − χ(τ ))
The environmental policy reduces the per capita consumption at the steadystate because it decreases the per worker non-human wealth k̃ ⋆ and the per
capita human wealth (wages lower through the rise of χ(τ ) and the decrease
in k̃ ⋆ ).
How is the negative impact of the environmental policy modified by the
demographic structure of the economy and by the deformation of (change
6

We note xz = ∂x/∂z and xz,z = ∂xz /∂z.
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in) the age-earning profiles? To answer this question, we investigate three
cases which are typical of the demographic evolution of many countries: a
decrease in the birth rate (what Heijdra and Ligthart (2006) called the pure
“baby-bust” case), an increase in life expectancy (a decrease in the mortality
rate) and a decrease in both the birth rate and the mortality rate that keeps
the population’s growth rate constant. In each case, we look at the macroeconomic effect of the demographics, and its influence on the detrimental
effect of environmental policy. We also look at the role of the age-earning
profiles in the outcome of the environmental policy.
4.1

The pure “baby-bust” case: a decrease in the
fertility rate

The influence of the birth rate on the per worker stock of capital is given by
!
⋆
k̃
Db < 0
k̃b⋆ = −(1 − α)−1
D
"

ψ + 2p + α(b − p) + ̺

#

with Db = α p
+ 1 > 0. Conse(ψ − α(b − p) − ̺)2 + 4(ψ + p)α(b + ̺)
quently, a decrease in the birth rate increases the per worker stock of capital.
Nevertheless, the effect on the per capita stock of capital (and therefore on
the per capita output) is less clear because the per capita labor supply L is
positively influenced by the birth rate:


∂L ⋆
ψ
⋆
−1 Db
⋆
⋆
kb =
≷0
− (1 − α)
k̃ + L k̃b = k
|{z}
∂b
b(b + ψ)
D
|{z}
−
+

With no age-earning profiles (ψ = 0), the first term into brackets in the
right-hand side of the equation vanishes and therefore the decrease in the
fertility rate raises the per capita stock of capital as emphasized by Heijdra
and Ligthart (2006) in the overlapping generations model à la Blanchard
(1985) with exogenous labor supply.
⋆ Insert Figure # 2 ⋆
With age-earning profiles (ψ > 0) an increase in the fertility rate raises
the per capita supply of effective labor, as shown by equation (2). Indeed,
a higher birth rate means a greater proportion of young people who supply
more efficient units of labor, and that increase the per capital labor supply.
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This reduces or offsets the negative impact of the birth rate on the per worker
stock of capital and as a result the per capita stock of physical capital may
increase with the birth rate. Using a numerical simulation, we show that the
case kb⋆ > 0 may exist for the realistic value of the parameters (see Figure 2
and Table 3).7 Note that we find that kb⋆ is independent of the value of the
mortality rate p. Plotting k ⋆ with respect to b, according to the value of ψ
enables to show that, for the chosen parameter values, the higher is ψ, the
higher is the b for which k ⋆ begins to decrease in b (see Figure 3).
b
kb⋆ /k ⋆

0.01
0.023
0.03
0.035
0.1
952.381 10.210 2.97619
0
-6.191

The central column represents the benchmark case.

Table 3: kb⋆ with respect to b (for p = 0.013).

⋆ Insert Figure # 3 ⋆
Proposition 1. When age-earning profiles are taken into account, the
birth rate may have an ambiguous effect on the per capita stock of physical
capital, even if the labor supply is exogenous. For a realistic value of the
parameters, a decrease in the birth rate lowers the steady-state per capita
stock of physical capital.
Proof. See above.
Proposition 1 contrasts with the previous results found in the overlappinggenerations model without age-earning profiles. As recalled by Heijdra and
Ligthart (2006), in such a model the impact of the birth rate on the steadystate per capita stock of physical capital is positive when labour supply
is exogenous. And, as demonstrated by these authors, this impact may be
ambiguous when labour supply is endogenous, but never for the realistic value
of the parameters. Our contribution is to show that such an ambiguous effect
may exist when labor supply is assumed exogenous, through the effect of the
birth rate on per capita labor supply as documented by Bloom et al. (2004).
7

For low values of b, the first term into brackets becomes higher than the second one,
consequently, kb⋆ > 0. It is straightforward that the first term tends towards positive
infinity when b tends to 0 while the second term tends towards a non negative finite value.
Consequently, there is a range of low values of b for which kb⋆ > 0.
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The influence of a pure “baby-burst” on the detrimental impact of the
environmental policy is given by:


ψ
−χτ (τ )
−χτ (τ )kb⋆
−1 Db
⋆
k⋆ ≷ 0
=
− (1 − α)
kτ,b =
(1 − α)(1 − χ(τ ))
(1 − α)(1 − χ(τ )) b(b + ψ)
D
(17)
Proposition 2. Without age-earning profiles, baby-burst reinforces the
detrimental impact of the environmental policy on the per capita stock. With
decreasing age-earning profiles, the effect becomes ambiguous. A drop in the
birth rate reduces the detrimental effect of the environmental policy for low
values of this birth rate.
Proof. See below.
With earning profiles independent of age (ψ = 0), we have ∂L/∂b = 0 (see
equation 2) and ∂kτ⋆ /∂b > 0: a fall in the birth rate contributes to reinforce
the detrimental impact of the environmental policy on the per capita stock
of capital (see Figure 4 for the case ψ = 0).
⋆ Insert Figure # 4 ⋆
Age-earning profiles modify this result. First, decreasing age-earning profiles affect the environmental policy on the per capita stock of capital at the
steady-state. Whatever the positive birth rate, the first term into brackets
in the right-hand side of equation (17) is always positive, and therefore a decreasing age-earning profile reduces the negative impact of the environmental
taxation on the per capita stock of physical capital with respect to the case
where earning profiles are constant over age. Second, as demonstrated for
the previous proposition, with decreasing age-earning profiles, for sufficiently
⋆
low values of b, the difference into brackets is positive and therefore kτ,b
> 0:
a drop in the birth rate reduces the detrimental effect of the environmental
policy when the birth rate is low. Our numerical simulations show that for
realistic values of the birth rate and for the chosen value of parameters, we
obtain such a result (see Table 3 and Figures 4 & 5).
⋆ Insert Figure # 5 ⋆
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The increase in life-expectancy

As emphasized in the introduction, the demographic evolution in many industrialized countries is characterized by a continuous increase in life expectancy.
What is its impact on the detrimental effect of the environmental policy?
The influence of the mortality rate in the per worker stock of capital is
given by (from equation 16)
!
⋆
k̃
Dp < 0
k̃p⋆ = −(1 − α)−1
D
"

#

ψ + 2b − α(b − p) + ̺
− 1 > 0. The in(ψ − α(b − p) − ̺)2 + 4(ψ + p)α(b + ̺)
crease in the life expectancy (p drops) raises the per worker stock of capital
in the steady-state, because agents increase their savings to face their longer
life without labor earnings. Because per capita labor supply is independent
of the mortality rate p, a rise in life expectancy also increases the per capita
stock of capital.
Finally, the influence of the probability of death on the effect of the
environmental policy is given by:
with Dp = α p

⋆
kτ,p
=

−χτ (τ )
Lk̃ ⋆ > 0
(1 − α)χ(τ ) p

(18)

Proposition 3. The increase in life expectancy contributes to strengthen
the detrimental impact of an increase in the environmental taxation in the
steady-state.
Proof. See equation (18).
The mechanisms transit through the effect of the mortality rate on the
per worker stock of physical capital.
4.3

Demographic changes with constant population
growth

In this section, we investigate the case where both the birth rate and the
mortality rate decrease such that population growth remains constant (that
is db = dp < 0 and thus dgN = 0). The influence of this demographic change
on the per worker stock of capital is given by (from equation 16)
!
⋆
k̃
⋆
k̃bp
= −(1 − α)−1
Dbp < 0
D
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ψ+p+b+̺
with Dbp = 2α p
> 0.
(ψ − α(b − p) − ̺)2 + 4(ψ + p)α(b + ̺)
The two negative effects shown in the two previous sections cumulate
despite the constancy of the population growth, and the same decrease in
the birth rate and in the mortality rate increases the per worker stock of
physical capital in the steady-state. Nevertheless, because the drop of the
birth rate reduces the per capita labor supply when age-earning profiles are
taken into account, the effect on the per capita stock of physical capital is
ambiguous:


ψ
∂L ⋆
−1 Dbp
⋆
⋆
⋆
≷0
− (1 − α)
k̃ + L k̃bp = k
kbp =
∂b
b(b + ψ)
D
|{z}
|{z}
−

+

Tables 4 and 5 report results of numerical simulations Table 4 shows that
the impact of the demographic shock with constant population growth (equal
decrease in the birth rate and in the mortality rate) increases the per capita
stock of physical capital for low (and realistic) values of the birth rate. Table
5 highlights that the value of the mortality rate does not influence the sign
of the derivative.
b
⋆
kbp
/k ⋆

0.01
0.023
0.03
0.04
0.1
59.519 10.173 2.8872 -2.16 -6.801

The central column represents the benchmark case.
⋆
Table 4: kbp
with respect to b (for p = 0.013).

p
⋆
kbp
/k ⋆

0.001 0.013
0.02
0.1
1
9.991 10.173 10.2071 9.339 1.240

The central column represents the benchmark case.
⋆
Table 5: kbp
with respect to p (for b = 0.023).

Proposition 4. Demographic change that leads to simultaneously decreasing the birth rate and mortality rate so as to keep population growth
constant (that is, db = dp < 0 and thus dgN = 0), has an ambiguous effect
on the steady-state per capita stock of physical capital when decreasing ageearning profiles are taken into account. It is positive for low and realistic
values of the birth rate.
Proof. See above
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For the same reasons of the “baby-burst” case, our result contrasts with
the effect found by Heijdra and Ligthart (2006). And the influence of the demographic change with constant population growth has an ambiguous impact
on the influence of the environmental policy:


ψ
−1 Dbp
⋆
k⋆ ≷ 0
− (1 − α)
kτ,bp =
b(b + ψ)
D
From Tables 4 and 5, we can write the following proposition.
Proposition 5. Demographic change that leads to simultaneously decreasing the birth rate and mortality rate so as to keep population growth
constant (that is, db = dp < 0 and thus dgN = 0) reinforces the detrimental
effect of the environmental policy without age-earning profiles. With decreasing age-earning profiles, the effect becomes ambiguous. For the chosen
value of parameters, an equal decrease in the birth rate and the mortality
rate reduces the detrimental impact of the environmental policy.
Proof. See above.

5

Conclusion

The aim of this paper was to investigate the effects of demographic changes
on the macro-economic impact of the environmental policy, in an overlapping generations model where decreasing age-earning profiles are taken into
account. Built upon the Yaari (1965)-Blanchard (1985)-Buiter (1988)-Weil
(1989) overlapping generations model, without any specific assumptions about
the effect of demography on the environment, it also enables us to investigate
the macro-economic impact of demographic changes in the vein of Heijdra
and Ligthart (2006), emphasizing the role of the per capita labor supply
documented by Bloom et al. (2004), Sevilla (2007) amongst others.
Our contribution is twofold. First, contrary to previous results of the
related literature, we demonstrate that a decrease in the birth rate may
reduce the steady-state per capita stock of physical capital while the labor
supply is exogenous. This comes from the fact that the decreasing birth
rate increases the per worker stock of physical capital but lowers the per
capita labor supply, leading to an ambiguous effect on the per capita stock of
physical capital. Numerical simulations show that, for a realistic value of the
parameters, the positive influence of the birth rate on the per capita stock
of physical capital is verified.
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Second, we demonstrate that the ageing of population modifies the macroeconomic impact of the environmental policy according to the cause of the
ageing (a decrease in the birth rate, a decrease in the mortality rate or an
equal lowering of both the birth rate and the mortality rate that keeps the
population’s growth rate constant) and the life-cycle earnings assumption.
Thus, with decreasing age-earning profiles, a lower birth rate or a demographic change with constant population growth reduces the detrimental
impact of the environmental policy for low (and realistic) values of this birth
rate, while an increase in life expectancy reinforces the negative outcome of
the environmental policy. When earnings profiles are independent of age,
both a reduction of the birth rate and a rise of life expectancy strengthens
the negative impact of the environmental policy.
These results call for further investigations on how ageing affects the
environmental policy.
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Appendix
Figure 1: The per capita labor supply L with respect to ψ and b
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Figure 2: Influence of the birth rate on k ⋆ , with ψ = 0.05
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Figure 3: Influence of the birth rate on k ⋆ with respect to ψ
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Figure 4: Influence of the birth rate on kτ⋆ , with ψ = 0.05
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Figure 5: Influence of the birth rate on kτ⋆ , with respect to ψ
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